Introduction: Medical students are motivated to engage actively in their studies. Yet at least 50% of medical students suffer from academic burnout. Using a social environmental perspective, this pilot study tested six hypotheses to account for medical student engagement and burnout via an effort-reward imbalance (ERI) model.
Introduction
Medical students are likely to engage actively in their studies because they are highly motivated to enter medical school, and because they are known to have high intrinsic and/or extrinsic academic motivation (Kusurkar, Croiset, Galindo-Garré, & Ten Cate, 2013; Kusurkar, Ten Cate, van Asperen, & Croiset, 2011) . At the same time, they are at increased risk of burnout due to a heavy study and clinical practice load (Lee & Lee, 2013) . It has been reported that at least 50% of medical students suffer from burnout at some point during their studies (Chunming, Harrison, MacIntyre, Travaglia, & Balasooriya, 2017) . This situation shows the need for investigation into factors that enhance the engagement or cause burnout of medical students.
Engagement is defined as a student having a positive and fulfilling experience with his/her studies (Schaufeli, Martinez, Pinto, Salanova, & Baker, 2002a; Schaufeli, Salanova, Gonzalez-roma, & Bakker, 2002) . According to these researchers, engagement consists of vigor, dedication, and absorption. Vigorous students are energetic and mentally resilient while studying, are willing to study hard, and persist when faced with difficulties. Dedicated students recognize the meaning of their studies, feel enthusiasm and pride, and are inspired. Students absorbed in their studies entirely concentrate on their jobs, perceive time to pass quickly, and have difficulty detaching from their studies. In contrast, academic burnout is characterized by emotional exhaustion, cynicism, and inefficacy (Schaufeli et al., 2002a; 2002b) . Emotional exhaustion refers to depletion of emotional resources due to academic burdens. Cynicism is characterized by an indifferent or callous attitude toward study. Lastly, inefficacy is a tendency to perceive academic achievement and abilities negatively. Engagement and burnout are sometimes seen as related constructs on opposite sides of the same continuum. However, this is not necessarily true. In research on the sub-dimensions of engagement and burnout (Demerouti, Mostert, & Bakker, 2010) , it was found that dedication and cynicism were opposing concepts on the same continuum in terms of identifying jobs. But vigor differed from emotional exhaustion, since vigor refers to a willingness to expend effort and energy besides energetic state when at work. In addition, some medical students are emotionally exhausted and depersonalized, but maintain moderate levels of engagement (Gómez et al., 2015) . Thus, it can be argued that engagement and burnout are independent constructs. Recent research suggests that burnout needs to be understood from a social environmental perspective (Chunming et al., 2017; Maslach & Leiter, 2017) . It was emphasized that a person in health care is burned out when their job is not well-matched to them in six areas, and that a better job-person fit predicts engagement (Maslach & Leiter, 2017) . They also recommended that medical education institutions deal with burnout from this perspective. One socio-environmental view, the effort-reward imbalance (ERI) model, explains chronic work stress as a ratio of effort to reward and as over-commitment (OC) (Siegrist, 1996) . Effort, a component of the model, represents the burden of the workload. Reward consists of income, career prospects, esteem, and job stability. OC is an individual's inherent style of coping with demanding situations. Over-committed persons are described as having a high need for control and approval whereby they do not withdraw from their jobs (Siegrist, 1996; Siegrist et al., 2004; Siegrist, Wege, Puhlhofer, & Wahrendorf, 2009 ). The ERI model focuses on reciprocity of effort and reward. A high ERI ratio refers to less reward than effort. Conversely, a low ERI ratio represents a situation where effort is reciprocally rewarded, or the reward is more than the effort. Siegrist et al. (1996 Siegrist et al. ( , 2004 reported that emotional pain, arousal of the autonomic nervous system, and other reactions to stress occur in high-ERI-ratio conditions, suggesting that over-committed persons are at risk of poor health. This adverse effect of a high ERI ratio on health is aggravated by OC (Siegrist, 1996; Siegrist et al., 2004) . According to one review of the relationship between ERI and health (van Vegchel, de Jonge, Bosma, & Schaufeli, 2005) , the detrimental effects of a high ERI ratio on health are consistently reported, whereas the relationship between OC and health is inconsistent. Moreover, researchers (van Vegchel et al., 2005) have implied that the interaction between the ERI ratio and OC needs to be examined in diverse populations.
The ERI model has been applied to account for the academic burnout of adolescents (Kim, Kim, & Lee, 2017; Lee, Puig, & Lee, 2012) . When students do not (or are not expected to) receive good grades, approval, and appropriate help relative to the time and energy spent on study, they report burnout. Likewise, stressful environments are generally known to affect college students' health, grades, and career development (Wege, Li, Muth, Angerer, & Siegrist, 2017) . Until now, the ERI model has not been applied to explain the burnout of medical students, who are characterized to have high academic motivation (Kusurkar et al., 2013; Kusurkar et al., 2011) and high self-evaluation standards (Enns, Cox, Sareen, & Freeman, 2001 ).
In occupational settings, the ERI model accounts for negative indicators and positive indicators (Feldt et al., 2013; Feuerhahn, Kühnel, & Kudielka, 2012; Kinnunen, Feldt, & Makikangas, 2008; Wang, Liu, Zou, Hao, & Wu, 2017) . To our knowledge, it has not been established whether the ERI model relates to positive indicators in school contexts. Academic engagement can be a positive indicator of a student's sense of accomplishment and positive attitude toward his/her studies. Engagement in colleges (including medical schools) is predictive of academic achievement (Casuso-Holgado et al., 2013; Gómez et al., 2015; Salanova, Schaufeli, Martínez, & Breso, 2009 ). This study attempts to explain the engagement of medical students using the ERI model.
Literature Review and Hypotheses

ERI and Engagement
To test the effects of ERI ratio, OC, and the interaction between ERI ratio and OC on engagement and burnout in a group of medical students, six hypotheses were developed. First, we hypothesized that a high ERI ratio would be negatively related to the engagement of medical students. A negative correlation between ERI ratio and vigor/dedication was noted in a study of managers (Kinnunen et al., 2008) . A recent investigation of nurses (Wang et al., 2017) also found that quantitative workload had a negative impact on vigor, dedication, and absorption in workplaces, but reward had a positive impact on these three sub-dimensions of engagement. In another study, ERI ratio was found to significantly decrease job performance (Feuerhahn et al., 2012) . The authors explained that motives for performance decreased when employees had lower gains than costs. For college students, it has been reported that academic motivation has an impact on academic engagement (Choo & Sohn, 2012) . Thus, we assumed that academic effort with few rewards would decrease medical students' engagement by reducing their willingness to study.
Our second hypothesis was that OC would have positive relationship with medical students' engagement. In the ERI model, OC is a predictor of negative health indices (Siegrist et al., 2004) . However, in a sample of highly educated participants, OC positively influenced engagement (Kinnunen et al., 2008; Wang et al., 2017) . Specifically, OC was found to predict absorption in a sample of managers (Kinnunen et al., 2008) . In a study of nurses (Wang et al., 2017) , OC significantly predicted increase in vigor, dedication, and absorption. Considering that OC is higher in highly educated adults (Siegrist et al., 2004) , it is possible that medical students desiring to gain respect and expertise are actively engaged in their studies.
Our third hypothesis was that, even with a high ERI ratio, engagement would not decrease sharply if OC was high. Results from testing these interactions have been mixed in occupational settings (Feldt et al., 2013; Feuerhahn et al., 2012; Kinnunen et al., 2008) . In a sample of employees at a manufacturing company (Feuerhahn et al., 2012) , OC reinforced the adverse effects of ERI ratio on job performance. Authors interpreted this result by suggesting that although over-committed employees had a strong desire for approval, they might withdraw from their work under unfavorable conditions. When both ERI ratio and OC were high in a study of managers (Kinnunen et al., 2008) , dedication decreased sharply but absorption decreased slightly. A longitudinal study (Feldt et al., 2013) reported that over-committed managers in high-ERI ratio conditions showed similar levels of work engagement to managers in low-ERI ratio conditions (who were less over-committed). Absorption conceptually overlaps with OC in that both concepts are characterized by difficulties detaching from work (Kinnunen et al., 2008; Schaufeli et al., 2002b) . It is known that medical students have high standards for themselves and strong academic motivation (Enns et al., 2001; Kusurkar et al., 2013) . It can be assumed that over-committed medical students will continue to engage in their studies, even when they are not sufficiently rewarded for their academic efforts.
Our hypotheses about the ERI model and engagement are summarized as follows: Hypothesis 1. The ERI ratio will be negatively associated with engagement. Hypothesis 2. OC will be positively associated with engagement.
Hypothesis 3. If both the ERI ratio and OC are high, engagement will be sustained.
ERI and Burnout
Our fourth hypothesis was that the ERI ratio would be positively related to medical students' burnout. Previous studies on the relationship between ERI ratio and academic burnout (Kim et al., 2017; Lee et al., 2012) have targeted adolescents. The ERI ratio of elementary, middle, and high school students was found to affect emotional exhaustion, cynicism, inefficacy, and antipathy toward study . A longitudinal study (Kim et al., 2017) showed a significant association between rate of change in the ERI ratio and rate of change in burnout among middle school students. In a recent study of medical students (Hahn, Kropp, Kirschstein, Rucker, & Muller-Hilke, 2017) , the ERI ratio had positive correlation with test anxiety and depression. Given that depression in medical students is closely related to burnout (Kroska, Calarge, O'Hara, Deumic, & Dindo, 2017) , we assumed that the ERI ratio would have positive association with the burnout of medical students.
Our fifth hypothesis was that OC would be positively related to the burnout of medical students. Although the relationship between OC and burnout has not been verified in academic settings, it was reported that middle school student OC was associated with somatic pain and poor health (Laftman, Modin, Ostberg, Hoven, & Plenty, 2014) . In a sample of medical students, OC was positively correlated with trait anxiety (Hahn et al., 2017) . Studies in occupational settings have shown that OC significantly increases work burnout (Lau, 2008; Preckel, Meinel, Kudielka, Haug, & Fischer, 2007) . In particular, over-committed employees suffer emotional exhaustion and depersonalization (Bakker, Killmer, Siegrist, & Schaufeli, 2000; Rasmussen et al., 2016) . Likewise, medical students who are unable to escape their studies may gradually become physically and emotionally exhausted. This could lead to callous attitudes toward study.
Our final hypothesis was that OC would aggravate the relationship between ERI ratio and burnout. In occupational settings (Bakker et al., 2000; de Jonge, Bosma, Peter, & Siegrist, 2000; Feuerhahn et al., 2012) , the ERI ratio has a greater negative effect on emotional exhaustion when OC is high. The negative impact of ERI ratio on inefficacy is also amplified when OC is high (Bakker et al., 2000) . In one study (Lau, 2008) , work burnout under high-ERI ratio and high-OC conditions was found to be greater than burnout under other conditions. According to the ERI model (Siegrist, 1996) , over-committed persons put more intrinsic effort into their jobs. In the case of medical students, over-committed students are more likely to perceive their reward as low because of the large amount of intrinsic effort invested in their academic work, even in demanding conditions. As a result, over-committed medical students in high-ERI ratio conditions may feel more exhausted http://journal.julypress.com/index.php/jed Vol. 3, No. 2; August, 2019 4 and incompetent than less over-committed students.
Our hypotheses about the ERI model and burnout are summarized as follows:
Hypothesis 4. The ERI ratio will be positively associated with burnout.
Hypothesis 5. OC will be positively associated with burnout.
Hypothesis 6. Adverse effects of the ERI ratio on burnout will be strengthened by OC.
Methods
The purpose of this pilot study was to apply an ERI model to engagement and burnout for medical students.
Participants
Participants were medical students of the Catholic University of Korea, College of Medicine in Seoul, Republic of Korea. The College of Medicine runs a four-year basic medical education course provided to students in a college of medicine and in a medical graduate school.
Data were collected from September to December in 2017. When students accessed their learning management system, they found an introduction of our study including informed consent information via a pop-up window. After students voluntarily agreed to participate in the survey, they answered a web-based questionnaire. With the consent of participants, data on academic achievement were obtained from our student administrative database. Thirty days and sixty days later, e-mails requesting participation were sent to students. Seventy-nine medical students completed the questionnaire, which represented a 20.73% response rate. Table 1 presents a demographic description of the study participants.
The study protocol (MC17QESI0046) was approved by the Institutional Review Board of the Catholic University of Korea, College of Medicine. In accordance with the Declaration of Helsinki and its later amendments, all personal information was anonymized, and the research procedure followed ethical standards. The instrument used was a short student version of the ERI questionnaire (Wege et al., 2017) . Wege et al. (2017) modified a short version of the ERI questionnaire (Siegrist et al., 2009 ) to apply to a college setting. This short ERI questionnaire designed for students was not repetitively validated in other studies. Therefore, we added three items to our questionnaire that had been omitted from the previous ERI questionnaire (Siegrist et al., 2009 ). For translation into Korean, we referred to an original ERI questionnaire modified for Korean adolescents (Lee, Lee, & Lee, 2009 ). The ERI scale consists of three factors: effort (three items), reward (eight items), and over-commitment (six items). Sample questionnaire items include "I have constant time pressure due to a heavy study load" (effort); "I receive the respect I deserve from my fellow students" (reward); "I am not sure whether I http://journal.julypress.com/index.php/jed Vol. 3, No. 2; August, 2019 can successfully accomplish my university training" (reward); and "Student work rarely lets me go; it is still on my mind when I go to bed" (OC). The questionnaire was scored using a 4-point Likert scale (strongly disagree: 1, disagree: 2, agree: 3, strongly agree: 4). Internal consistencies for the scale in a sample of medical students were 0.67 (effort), 0.65 (reward), and 0.79 (OC) (Wege et al., 2017) .
The ERI ratio for every respondent was computed according to the formula suggested in a previous study (Siegrist et al., 2004) . There are two methods of transforming the ERI ratio: the binary method or the continuous variable method. We transformed the ratio logarithmically into a continuous variable so as not to lose information like variance (Siegrist et al., 2004; van Vegchel et al., 2005) . Thus, when the ratio of effort and reward was 1, value of the ERI ratio was transformed into zero. A value less than zero indicated a student received a relatively high reward for his or her academic endeavors. Similarly, a value greater than zero meant that a student received a small reward for his or her academic effort (or that a reward corresponding to academic endeavor was not expected). The interaction term of ERI ratio and OC was a product of two variables.
Engagement
Engagement was measured by the 17-item Utrecht work engagement scale for students (Schaufeli et al., 2002b) . The scale is comprised of three factors: vigor (six items), dedication (five items), and absorption (six items). Sample items include "When I'm studying, I feel mentally strong" (vigor); "I find my studies to be full of meaning and purpose" (dedication); and "When I am studying, I forget everything else around me" (absorption). The instrument was validated for college students in Korea. The three factorial structure was confirmed, and internal consistencies of subscales ranged from 0.77 to 0.82 (Choo & Sohn, 2012) . We used the items from their study. Each item was answered on a 7-point Likert scale from 0 (never) to 6 (always). Higher scores reflected greater engagement.
Burnout
Burnout was assessed with the 15-item Maslach Burnout Inventory: Student Survey (Schaufeli et al., 2002a) , a reliable tool to measure burnout. When the inventory was validated in a sample of Korean medical students, it demonstrated acceptable reliability (from 0.77 to 0.84) and validity (Lee & Lee, 2013) . Burnout is described by three components: emotional exhaustion (five items), professional efficacy (six items), and cynicism (four items). Sample items include "I feel emotionally drained by my studies" (emotional exhaustion); "I can effectively solve the problems that arise in my studies" (professional efficacy); and "I have become less interested in my studies since my enrollment at the university" (cynicism). Six items of professional efficacy were recoded so that high scores on the scale reflected greater inefficacy. The scale was scored using a 7-point Likert scale that matched the engagement scale.
Academic Achievement
Student academic performance was assessed by several tests per course. A major tool for evaluating basic medical education at our college of medicine is the computer-based test (CBT), which includes multiple-choice questions (MCQs) . Mean scores of these exams taken in 2017 were used to represent students' academic achievement. Because it can be difficult to standardize test results across various testing formats, we used only MCQ results. All the mean scores were converted to a scale of 100 points.
Negative Affect
Negative affect as a confounder was measured using positive and negative affect schedule (PANAS) scales (Watson, Clark, & Tellegen, 1988) . The PANAS subscale for negative affect contains 10 items, such as "irritable," "ashamed," and "afraid." It uses a 5-point Likert scale format from 1 (very slightly or not at all) to 5 (extremely). The PANAS scale has been validated for Korean college students and employees, for whom the internal consistency for negative affect was 0.87 (Lee, Kim, & Lee, 2003) . We referred to the items used in this study.
Demographic Variables
We obtained demographic information about gender, age, affiliation, and year in school. Affiliation was divided into college of medicine and medical graduate school. Year in school was categorized into four groups (first through fourth). Gender and affiliation were converted into dummy variables (gender: 1 = female; affiliation: 1 = college of medicine).
Statistical Analyses
A factor analysis of ERI measure was performed to determine whether effort, reward, and OC were distinct concepts. We examined internal consistencies of scales using Cronbach's alpha. Pearson's correlation coefficients were calculated. We conducted an analysis of variance (ANOVA) for ERI ratio, engagement, and burnout according to year in school. The goal was to determine whether student stress varied according to year in school (as described in previous studies) (Jafari, Loghmani, & Montazeri, 2012; Shankar et al., 2014) .
Confirming assumptions for multiple linear regression analysis was preceded. First, data exceeding absolute value 3 in residual scatterplots were removed, and detecting influential observations was based on calculation of Cook's distance. Then, normality of residuals was tested by the Shapiro-Wilk test. Linearity and homoscedasticity of the residuals were examined by checking residual scatter plots. Durbin-Watson statistics were used to confirm autocorrelation of error terms. Lastly, continuous variables were mean-centered to avoid a multi-collinearity problem (Aiken & West, 1991) .
We chose hierarchical multiple regression analysis to investigate the extent to which ERI ratio, OC, and interaction term contributed to outcome variables after adjusting for demographic variables and negative affect.
To test how well the ERI model predicted engagement and burnout, hierarchical multiple regression analyses were separately performed using the following procedure: (1) demographic variables and a confounder were included in Step 1 to adjust for their effects; (2) the ERI ratio was entered in Step 2; (3) OC was entered in Step 3; and (4) an interaction term was added in
Step 4 to examine the interaction effect. The level of significance was set at p < 0.05. A confirmatory factor analysis (CFA) was carried out using AMOS version 25 software. All other analyses were performed using SPSS version 25 software.
Results
Preliminary Analyses
The factorial structure of the ERI scale was explored using principal component and varimax rotation. We excluded four items whose commonalities were less than 0.4. Table 2 presents the factor structure of the remaining 13 items of the ERI scale. The variance explained by the three factors was 58.27%. The second factor was associated with effort. In this study, two items from the OC subscale (I get easily overwhelmed by time pressure as I study and People close to me say I sacrifice too much for my studies) belonged to the effort factor. Because the items are related to the heavy study load of medical students, we decided that they could be included within the effort factor. Reward items were loaded on the first factor, and OC items on the third factor. CFA for the three-factorial structure revealed that the overall fit of the model was achieved (Delta2 IFI = 0.91, CFI = 0.90, RMSEA = 0.07). Table 3 shows descriptive statistics for the study variables. Correlations indicated that the ERI ratio was significantly related to engagement (r = -0.38, p < 0.05). Reward was significantly related to engagement (r = 0.52, p < 0.05), but effort and OC were not associated with engagement. Burnout was significantly related to the ERI ratio (r = 0.61, p < 0.05). Effort, reward, and OC were also significantly correlated with burnout (r = 0.33, -0.66, and 0.23 respectively, p < 0.05). Academic achievement showed no significant correlation with other variables.
The ANOVA results for the variables according to year in school showed that there was a significant difference in burnout according to year in school (F = 2.92, p < 0.05) ( Table 4) . Burnout in the third year (49.19) was higher than that in the first year (40.00). Additional analyses were conducted to verify which sub-dimensions of burnout significantly varied by year in school. The ANOVA results showed that there was a significant difference in cynicism according to year in school (F = 3.33, p < 0.05). Cynicism in the third year (13.30) was higher than that in the first year (9.08). Burnout and cynicism gradually increased from the first to the third year. 
Ability of the ERI Model to Predict Engagement
After checking a residual scatterplot, two cases were excluded because standardized predicted values exceeded absolute value 3; one case was removed since age was not answered. In the remaining data, maximum value of Cook's distance was 0.16. The Shapiro-Wilk test for residuals showed that the residuals met the normality assumption (p = 0.10). Values on the residual scatterplot were relatively evenly scattered around zero. The Durbin-Watson statistic was 1.87, indicating that there was no autocorrelation of error terms.
The results of a hierarchical regression analysis predicting engagement are presented in Table 5 . In Step 1, demographic variables and negative affect did not significantly account for engagement. When the ERI ratio was introduced in Step 2, it explained an additional 6% of the Step 1 variance (ΔF = 5.44, p < 0.05). In this model, the ERI ratio (B = -13.19, p < 0.05) was significantly related to engagement. In Step 3, OC explained an additional 17% of the Step 2 variance (ΔF = 17.85, p < 0.05). In this model, OC (B = 3.14, p < 0.05) was significantly associated with engagement. The ERI ratio (B = -18.24, p < 0.05) was still significant. In Step 4, an interaction term between the ERI ratio and OC did not have significant association with engagement. Thus, hypotheses 1 and 2 were fully supported, but hypothesis 3 was not. Table 5 . Results of hierarchical regression analysis predicting engagement (N = 76)
Variable
Step 1 Step 2 Step 3 Step We conducted additional regression analyses by setting three sub-dimensions of engagement (vigor, dedication, and absorption) as outcome variables (Table 6 ). The ERI ratio and OC had significant relationships with vigor, dedication, and absorption. An interaction term was significantly related to absorption. That is, the absorption of highly over-committed students increased slightly under high-ERI ratio condition. However, less over-committed students reported lower absorption under high-ERI ratio conditions than under low-ERI ratio conditions ( Figure  1 ). Table 7 . Results of hierarchical regression analysis predicting burnout (N = 79)
Variables
Step 1 Step 2 Step 3 Step 4 
Discussion
This pilot study analyzed the engagement and burnout of medical students using the ERI model. The ERI ratio was negatively associated with engagement, but OC was positively associated with engagement (hypotheses 1 and 2 were supported). We did not find an interaction of the ERI ratio and OC for engagement (hypothesis 3 was rejected). The ERI ratio had positive relationship with burnout (hypothesis 4 was supported). OC and the interaction did not significantly explain burnout (hypotheses 5 and 6 were rejected). In addition, affiliation (medical graduate school), lower age, and more negative affect was related to increase in burnout.
The results of this study support the following conclusions. First, the ERI ratio is a useful factor in accounting for the burnout and engagement of medical students in academic settings. Several previous studies (Bakker et al., 2000; Feuerhahn et al., 2012; Kim et al., 2017; Lau, 2008; Lee et al., 2012; Preckel et al., 2007) have confirmed that burnout in workers and adolescents is caused by an imbalance between effort and reward. Positive workplace indicators, such as work engagement or job performance, are also explained by the ERI model (Feuerhahn et al., 2012; Inoue et al., 2013; Inoue et al., 2014; Wang et al., 2017) . However, positive indicators in school settings had not previously been verified by the ERI model. This study revealed that academic engagement, a positive indicator in school settings, is explained by the ERI model.
Given the small sample size, it is difficult to interpret the results of our study definitively. However, the results for ERI ratio imply that interventions by medical schools to balance effort and reward may reduce burnout and lead to engagement in medical students. A heavy study load (effort) can be decreased by controlling the quantity of education. Medical education is taught by experts in a myriad of fields, and new medical knowledge is increasing exponentially in each field. Therefore, medical education institutions and faculty can regularly monitor and control the amount of education that is taught to students in their curriculum. An optimal balance between effort and reward can be established by increasing reward. The participants in our study became increasingly burned out from the first to the third year (Table 4) . Specifically, cynicism showed an upward trend until the third year. Of the two components of the ERI ratio, reward had a significant negative correlation with both burnout (r = -0.66) and cynicism (r = -0.55) in our study. Traditionally, interventions to increase rewards in the workplace have consisted of providing monetary rewards (Tsutsumi & Kawakami, 2004; Wang et al., 2017) building self-esteem (Bakker et al., 2000; Feuerhahn et al., 2012; Tsutsumi & Kawakami, 2004; Wang et al., 2017) , and providing career development opportunities (Tsutsumi & Kawakami, 2004) . Among these methods, medical schools can focus on improving the self-esteem of medical students. In our study, self-esteem items in the reward subscale showed a relatively strong correlation with engagement and burnout (from 0.42 to 0.50). Student guidance systems in medical schools can be optimized based on these results. Professors in medical schools regularly meet with students to provide help and advice to them. Supervisors can identify academic stress using the ERI ratio of individual students and play a leading role in building the self-esteem of those who do not receive corresponding rewards for their academic endeavors. It will be helpful to develop coaching leadership skills among supervisors so they can better listen to students, provide emotional support, and give adequate feedback on academic performance (Bakker et al., 2000; Tsutsumi & Kawakami, 2004) . A social environment that recognizes and respects medical students' academic efforts is necessary. This environment can be extended to relationships with fellow students, senior mentors, and school counselors.
Second, OC was not significantly related to burnout in medical students, but it was positively related to engagement. This finding for burnout differs from previous studies (Bakker et al., 2000; Lau, 2008; Preckel et al., 2007; Rasmussen et al., 2016) reporting that OC increased burnout in employees. Our result may be explained by the different relationships between OC and the individual sub-dimensions of burnout. Regression analyses of the sub-dimensions (Table 8) showed that OC was positively associated with emotional exhaustion, but it was negatively associated with inefficacy. From previous findings in academic settings (Fukuda et al., 2010; Laftman et al., 2014) , it can be concluded that student OC has different impacts on general health, depending on characteristics of the student population, such as gender and level of schooling. As for engagement, our results are consistent with previous results based on workplace settings (Kinnunen et al., 2008; Wang et al., 2017) . The finding that OC was positively related to engagement rather than burnout may be explained by the unique characteristics of medical students. Medical students are likely to be high achievers, maintaining their academic achievements through high school (Abdulghani et al., 2014; Ryue & Lee, 2012) . Even when over-committed, their inherent pattern of academic motivation (Kusurkar et al., 2013) may allow them to vigorously and industriously manage a heavy study load (Eley, Leung, Hong, Cloninger, & Cloninger, 2016) . Nevertheless, previous research (Wang et al., 2017) suggests that supervisors and school counselors should observe and manage over-committed students, lest negative health problems be caused by OC.
Third, the interaction between ERI ratio and OC did not significantly explain engagement or burnout in medical students. This result for burnout contrasts with previous studies (Bakker et al., 2000; de Jonge et al., 2000; Feuerhahn et al., 2012; Lau, 2008) reporting that OC worsens the detrimental effect of ERI ratio on workplace burnout. Instead, our finding is consistent with studies (Preckel et al., 2007; Rasmussen et al., 2016) reporting that OC does not significantly moderate the relationship of ERI and burnout. Although there was no interaction effect on academic engagement in this study, the interaction effect on absorption (Figure 1 ) was similar to a previous research (Kinnunen et al., 2008) . In high-ERI ratio conditions, the absorption of over-committed medical students did not decrease sharply (much like the absorption of over-committed managers did not drop sharply), but slightly increased. This may be due to the conscientiousness (Eley et al., 2016) and sense of responsibility (Pawelczyk, Pawelczyk, & Rabe-Jablonska, 2012 ) of medical students.
Last, affiliation, age, and negative affect were found to be related to burnout. Students at the college of medicine may experience lower levels of burnout than medical graduate students because of the shorter cumulative duration of education. In Republic of Korea, students in the college of medicine usually enter medical school after graduating from high school. In contrast, medical graduate students begin their medical studies after completing a separate four-year major. Therefore, it is likely that medical graduate students are more vulnerable to burnout. In this study, burnout decreased with age. This result for age is consistent with a previous finding (Chun, 2014) that Korean medical students under 23 years of age have significantly higher burnout than older medical students. Negative affect was also found to have significant relationship with burnout in our study. Symptoms commonly found in medical students are depression, anxiety, and stress (Fawzy & Hamed, 2017; Shi, Liu, Wang, & Wang, 2016) . These symptoms are generally associated with higher negative affect (Watson et al., 1988) . Medical students who are depressed or anxious due to academic stress are much more likely to feel negative affect, causing fatigue and a cynical attitude toward their studies.
Conclusion
This pilot study was designed to improve engagement and reduce burnout in medical students. Medical students have high academic motivation, but they are at risk of burnout because of academic stress. This work has demonstrated that medical students' engagement (positive indicator) and burnout (negative indicator) can be explained by imbalance of effort-reward and over-commitment. We hope that our research will serve as a base for future studies on the ERI model and psychological well-being in medical students.
Limitation of the Study
Our work clearly has some limitations. First, sample size is small. Because we conduct surveys at the end of each class and course, students could have been reluctant to answer another questionnaire. This may have lowered the participation rate in our study. Given the small sample size, caution must be taken when interpreting the findings. It is proposed that predictive power of the ERI ratio and OC for engagement and burnout is confirmed in future studies. Another limitation is that unlike previous studies (Casuso-Holgado et al., 2013; Gómez et al., 2015; Salanova et al., 2009 ), the present study did not find an association between engagement and academic achievement. Although engagement and burnout are meaningful indicators of academic well-being, further research can explore the relationship between the ERI model and psychological factors related to medical student academic performance.
